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APPARATUS AND METHOD FOR WIRELESS 
COUPLING OF INTEGRATED CIRCUIT CHIPS 

Nara Won 



Background of the Invention 

1. Field of the Invention 

This invention relates to integrated circuit chips 
and, more particularly, to the exchange of signal groups 
between the integrated circuit chips. 

2. Background of the Invention 

As the number of components and the density of the 
components on an integrated circuit chip have increased, 
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the ability to exchange signals between the chips has been 
an increasing challenge. In addition to the density of 
components, the width of signal groups, i.e., the number of 
logic signals generally transferred in parallel, has 
5 increased. The leads coupling an integrated circuit chip 
to external components have been reduced in size so that 
more electrical conductors can be utilized. As the result 
of a variety of limitations, the size and density of the 
integrated circuit chip conducting leads has reached a 
10 limit. However, the integrated circuit . chips continue to 
decrease in size and/or in density of components and 
consequently require additional conducting leads to be 
coupled to integrated circuit chips that exceed the 
physical dimensions available. 

15 

A need has therefore been felt for apparatus and an 
associated method having the feature that signals could be 
exchanged with an integrated circuit chip unlimited by the 
physical dimensions of the integrated circuit chip. It 

20 would yet another feature of the apparatus and related 
method to exchange signal groups between integrated circuit 
chips in the absence of conducting paths electrically 
coupling the integrated circuit chips. It would be a still 
further feature of the apparatus and associated method to 

25 increase the number of signal channels available to an 
. integrated circuit chip. 
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Summary of the Invention 

The aforementioned and other features are 
accomplished, according to the present invention, by 
5 providing each integrated circuit chip with a radio 
transmitter and a radio receiver. The radio transmitters 
and receivers permit data signal groups to be exchanged 
between the integrated circuit chips. The format of the 
transmitted signal groups can be serial or parallel. 

10 Whatever the format, the signals for the output pins of the 
transmitting integrated circuit chip are associated with 
the receiving pins of receiving integrated circuit chip. 
The power necessary to transmit the data can be minimized 
by the relative positioning of the integrated circuit 

15 chips. 

Other features and advantages of the present invention 
will be more clearly understood upon reading of the 
following description and the accompanying drawings and 
20 claims. 

Brief Description of the Drawings 

Figure 1 is a block diagram of a first implementation 
25 for the transfer of signal groups from a first integrated 
circuit chip to a second integrated circuit chip according 
to the present invention is shown. 
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Figure 2 is a block diagram of a second implementation 
for the transfer of signal groups from a first integrated 
circuit chip to a second integrated circuit chip according 
5 to the present invention is shown. 

Figure 3 is a block diagram of a third implementation 
for the transfer of signal groups from a first integrated 
circuit chip to a second integrated circuit chip according 
10 to the present invention is shown. 

Figure 4 illustrates the signal group format for a 
serial or parallel transmission of signal groups. 

15 Figure 5A illustrates the demodulated signals for 

frequency-modulated, parallel transmission of signals 
between integrated circuit chips, while Figure 5B 
illustrates the demodulated signals for amplitude- 
modulated, parallel transmission signals between integrated 

20 circuit chips according to the present invention. 

Figure 6A illustrates demodulated signals for 
frequency-modulated serial transmission of signals between 
integrated circuit chips, while Figure 5B illustrates 
25 demodulated signals for amplitude-modulated serial 
transmission of signals between integrated circuit chips 
according to the present invention. 
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Figure 7A illustrates demodulated signals for 
frequency-modulated encoded signals transferring signal 
groups between integrated circuit chips, while Figure 7B 
5 illustrates decoded signal for amplitude-modulated encoded 
signals transferring signal groups between integrated 
circuit chips according to the present invention. 

Description of the Preferred Embodiment 

10 

1. Detailed Description of the Drawings 

Referring to Fig. 1, a block diagram of a first 
implementation for radio frequency transmission of signal 

15 groups from a first integrated circuit chip 12 to a second 
integrated circuit chip 14 is shown. The apparatus for 
transmitting each signal of a signal group separately 
between integrated circuit chips 12 and 14 using radio 
frequency techniques is illustrated according to the 

20 present invention. Output signals from an integrated 
circuit chip processing unit 120 are applied to an 
interface unit 121. The individual signals from a signal 
are applied to modulator 122(1) through 122 (N) . The output 
signals from modulators 122(1) though 122 (N) are applied to 

25 rf transmitters 123(1) through 123 (N) , respectively. The 
output signals from rf transmitters 123(1) through 123 (N) 
are applied to antennas 124(1) through 124 (N) , 
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respectively. The transmitted signals from antennas 124(1) 
through 124 (N) are received by antennas 144(1) through 
144 (N) . The signals received by antennas 144(1) through 
144 (N) and applied to rf receivers 143(1) through 143 (N) , 
5 respectively. The output signals from rf receivers 143(1) 
through 143 (N) are applied to demodulators 142(1) through 
142 (N) respectively. The output signals from demodulators 
142(1) through 142 (N) are applied to input interface 141. 
The output signals from the input interface 141 are applied 
10 to integrated circuit processing unit 140. 

Referring to Fig. 2, a block diagram for a second 
implementation for radio frequency transmission of signal 
groups from a first integrated circuit chip 22 to a second 

15 integrated circuit chip 24 is shown. The first integrated 
circuit processing unit 220 applies signal groups to output 
interface 221. The output interface 221 applies signal 
groups to the synthesizer 222. The output signals of the 
synthesizer 222 are applied to modulator 223. The output 

20 signals from the modulator 223 are applied to rf 
transmitter 224. The output signals from rf transmitter 
221 are applied to antenna 225. The rf signals broadcast 
by antenna 225 are received by antenna 245. The signals 
from antenna 245 are applied to rf receiver 244. The 

25 output signals from rf receiver 244 are applied to 
demodulator 243. The out put signals from the demodulator 
243 are applied to the analyzer 242. The output signals 
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from the analyzer are applied to input interface 241 and 
the signal groups from the input interface 241 are applied 
to integrated circuit processing unit 240. 

5 Referring to Fig. 3, a block diagram for a third 

implementation for the radio frequency transmission of 
signal groups from a first integrated circuit chip 32 to a 
second integrated circuit chip 34. Signal groups from 
integrated circuit processing unit 320 are applied to 

10 output interface 321. The output signals from output 
interface 321 are transferred through synthesizer 322, 
through modulator 323, and through rf transmitter 321 to 
antenna 325. The radio frequency transmissions from 
antenna 325 are received by antenna 345. The signals from 

15 antenna 345 are applied through rf receiver 344, through 
demodulator 343, through analyzer 342, and through input 
interface 341 to integrated circuit processing unit 340. 
In addition, integrated circuit chip 32 includes a 
handshaking module 329 that is coupled to a handshaking 

20 module 349 on circuit board 34. 

Referring to Fig. 4, a format for transmission of data 
signal packets is 400 is shown. The data packets 400 
include a data header 401, the data 402, and the data tail 
25 403. The header and tail can include error correction and 
handshaking information . 
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Referring to Fig. 5A and 5B, the demodulated signals 
for each pin for a parallel transmission of a frequency- 
modulated and amplitude modulated signals , respectively, 
are illustrated. In these embodiments, a separate 

5 transmitter is provided for each pin in the first 
integrated circuit and a receiver is provided for each pin 
in the second integrated circuit. The transmitters and 
receivers are arranged so that information is transferred 
between corresponding pins. The modulation on the carrier 
10 wave can be either frequency-modulated as illustrated Fig. 
5A or can be amplitude modulated as illustrated in Fig. 5B. 

Referring to Fig. 6A and Fig. 6B, the demodulated 
signals a serial transmission of frequency-modulated and 

15 amplitude-modulated signals, respectively, are illustrated. 
In this embodiment, the signals applied to a set of pins 
are transmitted by one transmitter /receiver combination. 
In the frequency-modulated example, the presence of a 
demodulated signal having a preselected frequency 

20 identifies the logic state on a pin associated with that 
preselected frequency. In other words, each pin has a 
frequency associated therewith and the identification of a 
signal having that that defines to the receiving integrated 
circuit chip the presence of logic state on the 

25 corresponding pin in the transmitting unit. Similarly, in 
the amplitude-modulated serial embodiment, the signal of a 
preselected amplitude is associated with a logic state of 
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an associated pin. In this manner, the logic signals 
associated with a group of pins in a first integrated 
circuit chip can be transferred to conducting paths of 
associated pins in a second integrated circuit chip. 

5 

Referring to Fig. 7A and Fig. 7B, decoded signals 
identifying preselected signal groups for frequency- 
modulated and amplitude-modulated data groups, 
respectively, are illustrated. In these embodiments, the 

10 signals from a group of pins re applied to a synthesizer. 
The synthesizer correlates the signals applied to the pins, 
i.e., the pattern of signals, with a single frequency or 
amplitude. In the receiving integrated circuit chip, the 
analyzer identifies the frequency or amplitude and 

15 reconstructs the pattern of signals and applies this 
pattern of signals to the pins of the associated pins of 
the receiving integrated circuit. Viewed in another 
manner, this embodiment can be viewed as transferring 
parallel signal groups in a serial encoded signal 

20 transmission. 

As will be clear, some technique for independent 
synchronization may be implemented. In the presence of 
independent synchronization between the transmitting unit 
25 and the receiving unit, the less complicated logic signal 
and no logic signal transmission technique can be utilized. 
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The present invention provides for the exchange of 
signal groups between integrated circuit chips using radio 
5 frequency signals rather than electrical conductors is 
shown. The invention is facilitated by technology that 
permits the components implementing transfer of the radio 
frequency signals to be a relatively small portion of an 
integrated circuit device. This method of exchanging logic 
10 signals between integrated circuit chips can be used as the 
sole method of signal exchange or can be used to augment 
the use of conducting leads to exchange signals. 

An interface unit is needed to buffer the signal 
15 groups being transmitted and the signal groups being 
received. The synthesizer and analyzer units are needed to 
reformat the signals in the more complex signal exchange 
modes . 

20 As will be clear, the present invention finds use in 

transmission of signals between integrated circuits chips 
positioned on the same board. In addition, the 

transmission/receiving technique of the present invention 
can be used between integrated circuit chips on different 

25 boards. One particularly useful configuration is the 
stacking of circuit boards wherein the transmitting unit 
and the receiving unit are in close proximity. 
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While the invention has been described with respect to 
the embodiments set forth above, the invention is not 
necessarily limited to these embodiments. Accordingly, 
5 other embodiment variations, and improvements not described 
herein, are not necessarily excluded from the scope of the 
invention, the scope of the invention being defined by the 
following claims. 
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